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Method for the detection of phosphotyrosine residues 
DESCRIPTION 

5 

Technical Field 

The present invention relates generally to a 
method for detecting phosphotyrosine residues and, more 
specifically/ to a method for detecting protein-tyrosine 
10 kinases and protein-tyrosine phosphatases. 

P^cfrgrpund <?f the Ipvgpfrjpn 

The control of cellular activation, growth, and 
differentiation by mitogens and other cytokines is often 

15 achieved via alterations in the tyrosine phosphorylation 
states of regulatory proteins (Pelech et al., Biochem. 
Cell. Biol, 68.; 1297-1330 , 1990). Several mitogens, such 
as epidermal growth factor, macrophage colony stimulating 
factor-I, and the steel locus product, all bind to cell 

20 surface receptors that are protein-tyrosine enzymes 
specified by proto-oncogenes (Ullrich et al., Nature 
109:418-425, 1984; Hampe et al., Proc. Natl. Acad, Sci. 
USA £1:85-89, 1984; Huang et al., Cell £2:225-233,. 1990). 
However, for the vast majority of proto-oncogene-encoded 

25 receptor-like protein-tyrosine kinases, the ligands remain 
to be identified. Activation of the oncogenic potential 
of these and non-receptor protein-tyrosine kinases such as 
p60 src (Takeya etal., J. Virol, £1:12-18, 1982) and 
p56 lck ( Marth et a i ## cell 42:393-404, 1985) results from 

30 mutations which lead to a high level of constitutive 
phosphorylating activity. 

Protein-tyrosine phosphatases are being 
discovered at an increasing rate, largely by recombinant 
techniques on the basis of a phosphatase consensus 

35 sequence (Jirik et al., FEBS Lett . 273 :239-242. 1990). 
For example, recent studies have demonstrated the 
occurrence of complementary receptor-like protein-tyrosine 
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phosphatases, such as CD45 (Tonks etal., Biochemistry 
24:8695-8701, 1988), LAR (Streuli etal., ,T. Tfrcp. Med. 
5.- 1523-1530, 1988), and LRP (Matthews et al., Proc. Nat?.. 
^ gri . USA 12:4444-4448, 1990) , for which the 
5 interacting surface molecules are still not known. 

The rate of identification of new protem- 
tyrosine kinases and phosphatases has greatly overtaken 
their enzymological characterization. This reflects, in 
part, the low levels of expression of these regulating 

10 enzymes which necessitates highly sensitive assays. 
Standard radioisotope filter-type assays that are 
currently employed are slow and lack the sensitivity 
required to confidently identify phosphotyrosine residues, 
in addition, such assays, due to their utilization of 

15 radioisotopes, require special handling and disposal of 
both the reagents and waste products. 

Accordingly, there is a need in the art for a 
fast, convenient and highly sensitive assay which detects 
the presence of phosphotyrosine residues, and may be used 

20 to test for the activity of protein-tyros ine kinases and 
phosphatases . 

gmmiia-r y of th *> Tnvantion 

It is an object of the present invention to 

25 provide a highly sensitive and rapid method for detecting 
phosphotyrosine residues without the use of radioisotopes. 
Upon further study of the specification and appended 
claims, additional objects and advantages of this 
invention will become apparent to those skilled in the 

30 art. 

The present invention provides a sensitive and 
rapid method for the detection of phosphotyrosine residues 
by an immunological assay technique, and preferably by 
particle concentration fluorescence immunoassay (PCFIA) . 
35 in various embodiments, the assay of the instant invention 
is useful in the screening of large numbers of samples for 
the presence of protein-tyros ine kinases and phosphatases, 
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in the screening of large number of samples of substrates 
for protein- tyrosine kinases and phosphatases/ and in 
screening for substances that can modulate protein- 
tyros ine kinase and phosphatase activity either by 
5 inhibition or activation, or by modulating substrate 
specificity. 

More specifically, in one aspect, the present 
invention is directed to a method for detecting a 
phosphotyrosine residue by contacting the phosphotyrosine 

10 residue with an anti-phosphotyrosine antibody which binds 
to the phosphotyrosine residue, and detecting the anti- 
phosphotyrosine antibody by an immunological assay 
technique, and preferably by particle concentration 
fluorescence immunoassay. 

15 In another aspect, the present invention 

discloses a method for measuring the activity of a 
protein-tyrosine kinase or phosphates within a sample by 
immobilizing a substrate on a solid support. The 
substrate containing a tyrosine or phosphotyrosine 

2 0 residue; exposing the substrate to the sample such that 

the protein tyrosine kinase or phosphatase within the 
sample phosphoralates the tyrosine or dephosphorolates the 
phosphotyrosine residue of the substrate to form a 
phosphotyrosine or tyrosine residue, respectively; 
25 contacting the substrate with an anti-phosphotyrosine 
antibody which binds to the phosphotyrosine residue; and 
detecting the anti-phosphotyrosine antibody by an 
immunological assay technique, and preferably by particle 
concentration fluorescence immunoassay. 

3 0 In still another aspect, the present invention 

is directed to a method for screening for substrates for 
protein-tyrosine kinases or phosphatases by immobilizing 
the substrate on a solid support; exposing the substrate 
to the protein-tyrosine kinase or phosphatase; contacting 
35 the substrate with an anti-phosphotyrosine antibody; and 
detecting the anti-phosphotyrosine antibody by an 
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immunological assay technique, and preferably by particle 
concentration fluorescence immunoassay. 

con In yet another aspect, the present invention 

discloses a method for screening an agent for its abrlity 
to modulate the activity of a protein-tyrosine 3cxn.se or 
phosphatase, or modulate the specificity of a substrate to 
Le protein-tyrosine Kinase or phosphatase, by 
immobilizing the substrate on a solid support, the 
su bstrat. containing a tyrosine or P-P = £ 



30 



10 expose the substrate to the 

kinase or phosphatase in the presence of the agent, 
contacting the substrate with an anti-phosphotyrosxne 
antibody; and detecting the anti-phosphotyrosxne anybody 
Z an immunological assay technique, and preferably by 
15 particle concentration fluorescence immunoassay. 

in each of the above aspects, the antx- 
phosphotyrosine antibody may be f luorescently labelled and 
directly detected by PCFIA. Alternatxvely the 

antiphosphotyrosine antibody may be further contacted wxth 
20 a f luorescently labelled antibody which binds to «*x- 
phosphotyrosine antibody and indirectly detected by PCFIA. 

in an alternative aspect, the immunological 
technique for detecting the anti-phosphotyrosine antibody 
is an Enzyme-Linked immunosorbent Assay (ELISA) . 
_ 5 Th ese and other aspects will become evident upon 

reference to the following detailed description and 
attached drawings. 



35 



Brief Bes^Bfeion§ of thP Drawings 

Figure 1(a) illustrates serial dxlutxons of 
partially purified p56** preparations tested for protexn 
Phosphotyrosine activity using PCFIA and MAb PY20 (open 
symbols) and [ 32 P] -incorporation filter assay (closed 
symbols). Parameters are optimized for PCFIA (open and 
closed squares, and optimized for the filter assay (open 
and closed circles). Figure 1(b) illustrates p56 
catalyzed phosphotyrosine residues measured usxng the 
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anti-phosphotyrosine MAb PY20 (open squares) or MAb 4G10 
(open circles) under optimized PCFIA conditions. 

Figure 2 illustrates serial dilutions of p56 lc,c 
tested for protein-tyros ine kinase activity using: (1) the 
5 substrate MPB (solid line) coupled to amino-activated 
microsphere particles via carboxy residues (open squares) 
or coupled to carboxy-activated microsphere particles via 
amino residues (open circles) , and (2) the synthetic 
peptide corresponding to the p56 lc)c autophosphorylation 

10 site (Tyr 394) (dotted line) coupled to amino-activated 
microsphere particles via carboxy residues (open squares) 
or coupled to carboxy-activated microsphere particles via 
amino residues (open circles) . 

Figure 3 illustrates protein-tyrosine kinase 

15 activity of column fractions obtained after ion exchange 
chromotography of cell extracts obtained from LSTRA cells, 
Figures 3(a) and 3(b), or YAC cells, Figure 3(c). In 
Figure 3(a), a 1/5 dilution of fractions obtained from 10 9 
LSTRA cells were tested using the [ 32 P] filter assay. In 

20 Figure 3(b), a 1/150 dilution of the above fractions from 
LSTRA were tested using a method of the present invention. 
In Figure 3(c), a 1/5 dilution of fractions obtained from 
10 8 YAC cells were tested using a method of the present 
invention. 

25 "~ " Figure 4 "(a") illustrates serial dilutions of 

alkaline phosphatases (open circles) and potato acid 
phosphatase (open squares) tested for protein- tyrosine 
phosphatase activity using tyrosine phosphorylated MBP as 
the substrate. Figure 4(b) illustrates the inhibition of 

30 potato acid phosphatase activity with serial dilutions of 
vanadate (open circles) and molybdate (open squares) added 
to filtration plate wells containing l U/ml of potato acid 
phophatase and phosphorylated MBP substrate. 

35 Detailed Discussion of the Invention 

The present invention discloses a sensitive and 
rapid assay for the detection of phospho tyrosine residues 
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, « sav technique, and preferably by 

by an immunologxcal assay tecnnigu , , PCFI a> 
Article concentration fluorescence immunoassay (PCFIA) . 
iTs particular assay is fast, highly sensitive and does 
TJLlov radioactive isotope labels. Furthermore, thxs 
S ^ay peliL the sc^ of large numbers of samples 
the presence of protein-tyrosine lexnases or 
w k ** ses as well as the screening of large numbers of 

T^ ::: f sZ::*L ***** - «~. -fx. 

IZ allows for the screening of substances which can 
10 modulate (i.e., inhibit or activate) protexn- tyrosxne 
xu mwv* a M-ivifv or can modulate 

kinase and/or phosphatase actxvxty, 

SUbStra " Srtu^es of the preset invention include 
proteins and synthetic peptides which oontain tyrosine or 
proteins i „« tdues Tyrosine and phosphotyrosxne 

peptide For example, the myelin-basxc protexn and a 
20 synrnetic peptide corresponding to the autophosphorylatxon 
£Tot pLS* Perform equally well in the detection of 
pS6** kinase activity obtained fro. a recombinant source 
Similarly, the myelin-basic protein phosph orylated n 
tyrosine residues by P56** may be employed as the 
, 5 substrate in the detection of phosphatase actxvity. 
" ^ ^ solid support to which the substrate xs 

mobilized may be any of a variety °— ^ 

employed. In the case of PCFIA, Fluorxcon Cldexx 
Portland, Haine) , carboxyl activated polystyrene partxcles 

30 are F«— imoWli2ation on the solid support, 
the substrate is exposed to either a kinase or phosphatase 
* the presence' of a suitable medium. . suitable medxums 
include ATP in combination with a buffer. 

35 substrate contains tyrosine residues, exposure to . Kinase 
results in the phosphorylation of the tyrosine residues to 
results substrate includes 

phosphotyrosxne. wnen 
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phosphotyrosine residues , exposure to a phosphatase 
results in the dephosphorylation of the phosphotyrosine 
residue. The increase or decrease of phosphotyrosine 
residues may then be detected, such as by PCFIA. 
5 Detection of the phosphotyrosine residues is 

accomplished by exposing the phosphotyrosine residues to 
an anti-phosphotyrosine antibody. Such an antibody may be 
either monoclonal ("MAb") or polyclonal, and is selected 
such that it binds to the phosphotyrosine residues. 

10 Monoclonal antibodies specific for phosphotyrosine 
residues may be produced in the following manner. Mice 
are immunized with phosphotyrosine that has been 
chemically crosslinked using EDC to KLH (keyhole limpet 
hemocyanine) . After repeated immunizations the spleen 

15 cells of the immunized mouse are fused with myeloma cells 
(e.g., X 631A98.653) according to general protocols (J.W. 
Goding, "Monoclonal Antibodies Principles and Practise," 
Golding, J.W., ed., Acad. Press, N.Y., 1986). Hybridoma 
supernatants are then screened for presence of monoclonal 

20 antibodies that are specific for phosphotyrosine residues 
and do not crossreact with phosphoserine or 
phosphothreonine residues using the PCFIA technique. The 
screening is performed by incubating aliguots of hybridoma 
supernatant in the filtration plate with beads that are 

25 coated with BSA that have been chemically crosslinked 
(using EDC) with either phosphoserine, phosphothreonine or 
phosphotyrosine residues. Antibody bound to any of the 
beads will be detected by the addition of a f luorescinated 
second antibody that is specific for mouse immunoglobulin. 

3 0 Hybridomas that secrete antibodies that bind to 
phosphotyrosine but not to phosphoserine or 
phosphothreonine may then be subcloned and cultivated for 
monoclonal antibody production. 

The antibody may be labelled directly with a 

35 fluorescent marker detectable by PCFIA, or may be labelled 
indirectly by contact with a second antibody labelled with 
a fluorescent marker. This second antibody is chosen such 
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that it binds to the anti-phosphotyrosin. antibody and is 

detectable by PCFIA. „„,,„_, ,32 pl filter-type 

•man compared to a standard [ P] ** 
^preferred assay o£ the present invention 
assay, the prererre While the dose 

R achieves a 100-fold higher sensitivity. While 

1 ^rve for the instant method is non-linear, the 
response curve for ^ phosphotyrosine 

calculation of absol ^ ^ ^ 

r~ .r -ru. - ot «- 

parallel in m specif ic for phosphotyrosxne 

10 present xnventxon xs specx prote in- 
kinases/phosphatases, and no *xgnal fr P 

. v ._. ses i s measured. Thus, the PCFIA xs 
serxne/threonxne kxnases xs me . ul _ rlv when 

™ ore specific than filter assays, particularly wn 
" ei Itrates like HBP, casein, etc., are used and 
15 Tly partially purified protein-tyros ine kinase xs bexng 

te9ted " The following experimental examples are offered 
by way of illustration and should not he construed as 
limitations to the present invention. 



20 



SAMPLES 



poa gentF puffers: . 9 _ rN _ 

Bovine brain myelin basic protein («BP) , 2 [H 
„ , ind ethanesulf onic acid (MES) , sodium 
relate ". 3 V0 4 >. — molybdate « 

^vrosine (4:1) and trxsma base (Trxs) 

rrptrserLr:^ u:^. --—». «. 

30 -ine' serum albumin ' "~ 

sulphonic acxd (MOPS) , 

phenylmethylsulphonylfluorxde (PMSF po 

_ ruin go u/ml), and alkaline phosphatase (AP, 

Lid were purchased from BDG (Toronto, Ontario, . Hewbom 
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bovine serum (NBS) and lOx phosphate buffered saline (PBS) 
were from Gibco (Grand Island, New York). [1, 4-piperazine 
bis (ethanesulf onic acid)] (PIPES) was from Aldrich 
(Milwaukee, Wisconsin) . (l-ethyl-3-3 (3-dimethyl amino 

5 propyl) carbodiimide-HCL) (EDC) was from Pierce (Rockford, 
Illinois). ( Y- 32 P] ATP, (4500 Ci/mMole, 10 mCi/ml) , and 
Ecolume scintillation fluid were from ICN (Mississauga, 
Ontario) . Polyclonal goat anti-mouse FITC conjugated 
antibodies were obtained from Calbiochem (San Diego, 

10 California) . Antiphosphotyrosine monoclonal antibodies 
were purchased from ICN (Mississauga, Ontario) (PY20) 
(10) , Upstate Biotechnology, Inc. (Lake Placid, New York 
(4G10) (11) or Boehringer Mannheim (Laval, Quebec) (1G2) . 

The p56 lc}c used in these experiments is a DEAE— 

15 Sepharose fraction of either sf9 cell lysates over 
expressing recombinant p56 lcIc using a baculovirus 
expression system, or LSTRA cell membranes, a mouse cell 
line known to over express p56 lcJc (Marth et al., Cell 
43:393-404, 1985). The enzyme eluted in 25 mM Tris HC1, 

20 pH 7.5, 0.1 M glycerol, 1 mM EDTA, ImM PMSF, 0.1% NP40 at 
about 350 mM NaCl. 

Buffers are as follows: 



25 



Buffer A: 20 mM Tris-HCl (pH 7.5), 0.2 mM 
DTT, 0.5% BSA, 4 mM Na 3 V0 4 

Buffer B: lxPBS (pH 7.3), 2% NBS (0.2 Jim 
filtered), 0.2% w/v NaN 3 

Buffer C: 20 mM MOPS (pH 7.5), 0.2 mM 
DTT, 10 mM MnCl 2 , 0.1 Mm 
3 0 Na 3 V0 4 , 100 mM NaCl, 5% 

glycerol 

Buffer D: . 20 mM PIPES (pH 6.0), 0.5% BSA 
Buffer E: 20 mM Tris (pH 9.6), 0.5% BSA 
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InS£EMSDi ^: n - tyr0 sine Kinase and phosphatase assays 
* hv particle concentration fluorescence 

zj^~ ■ — ra—rr z 

— ^standard 98-W.H 
^Ic The welis are conical and have a 0.2 *a filter at 
Sf-JT Below the filter is a sump to which vacuun 
».o anD lied Substrate proteins or peptxdes are 
1^1^0.3 p. -i— « polyene particle, £i* 
are added to the plates. Prepared plates are then applied 
" ^ machine, where unbound reagents are washed through 
!L filter and drained to waste. Washing cycles and the 
the filter ana ant ibodies labelled with 

addition of reagents such as antioo ealBT , les 

, lv oer formed on all 96 samples 

Tp^r ^rTer^ensity is measured in each 
1 P T« ten 88-well plates can he assayed in one run 
using this system. 

EXAMPLE 1 
t^ H"""- to BB-.av ?artmes 

Eluoricon- 0.8 ,m diameter carhoxyl activated 
polystyrene particles (Ide**, Portland, Maine) are coupled 
Ti^Telin oasic protein (MPS, or a peptide (lOc pept.de, 
derived from p S 6 lc * autophosphorylation contarnrng the 

sequence (SEQ ID NO: 1) : 

Lys Lys Gly Gly Arg Leu He Glu Asp Glu 

Tyr Thr Ala Arg Gin Gly Gly Lys Arg Leu 

He Glu Asp Glu Tyr Thr Ala Arg Gin 

The peptide contains an imperfect tandem repeat 

of the sit. of the P 56 lc * autophosphorylation site (Bolen 

* , ^1 terminal lysine residues for coupling via HH3 
"oups in a carhodii»ide (EDC, mediated coupling reaction. 
, ^e peptide is synth.si.ed using an Applied Biosystems 
Ldel «0A p.ptid. synthesizer purified by ^reverse phase 
HPLC (ClarK-Lewis .t al, 1=1^ 221=134-139, 1986). 
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Coupling is performed by mixing 8 ml of 0.1M MES (pH 4.5), 
1 ml of 0.8 Mm Fluoricon™ carboxyl-activated polystyrene 
particles 5% W/V, 1 mg of MBP or p56 lcJc peptide, and 5 mg 
of EDC. The contents are vortexed and then incubated at 
5 room temperature overnight. The particles are sedimented 
by centrifugation at 6,500 rpm (6000xg) for 10 min in a 
Sorval 5C-5B centrifuge. The supernatant is aspirated, 
and the pelleted particles are washed with 20 ml of buffer 
A. The particles are centrifuged and resuspended in 40 m 

10 buffer A to a final concentration of 25 /ig protein per ml 
and 0.125% W/V particles assuming 100% coupling yield. 
The washed particles are stored in buffer A containing 
0.2% NaN 3 at 4°C. NaN 3 is removed by one washing step 
prior to use of the beads. Coupling of peptides or MBP 

15 via carboxy groups is performed by using Fluoricon™ 0.8 /xm 
diameter amino activated polystyrene particles with the 
above coupling protocol. 



EXAMPLE 2 

20 Protein-Tvrosine Kinase Assay bv PCFIA 

Stock solutions of 0.1 M ATP and 1.0 M MnCl2 are 
thawed daily. Two ml of substrate-coated particles in 20 
mM Tris-HCl (pH 7.5) are mixed with 20 fll of 0.1 m ATP and 
..40 fll of 1.0 M MnCl2 stock so that the final concentration 

25 after addition of kinase sample is 0.5 mM ATP and 10 mM 
MnCl 2 . 20 fil of this substrate/particle suspension is 
added to each of the 96 wells of the filtration plate, 
either manually or automatically by the screen machine. 

To test tyrosine kinase activity in sample 

30 fractions containing the protein- tyrosine kinase p56 lcIc , 
20 fll of fractions or dilutions is transferred into the 
wells of the filtration plate containing assay particles, 
ATP and MnCl 2 . The plates are incubated at 37 °C for 15 
min (maximal phosphorylation was observed after 2 min) . 

35 The plates are then placed in the screen machine, and the 
following sequential steps are performed automatically: 
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the wens are drained and washed with buffer a to remove 
Kinase^ 20 ,1 of anti-phosphotyrosine mab PV20 or 4G10 are 
added at 1 M/1 in buffer A; plates are incubated for 10 
added at ™' are a^ed and washed with 

min at room temperature, w"> . 

5 buffer B, 20 A of polyclonal FITC conjugated goat enti- 
re antibody is added at 4 Mg/ml in buffer B and 
i^ubated for 10 min. Wells are drained and washed twxce 
2 buf fer B and the amount of fluorescence in each well xs 
then determined using excitation at 485 nm and emxssxon at 

„ 535 nm, and values are recorded as relative fluorescence 

U1,ltS <BF °i; COBP are the sensitivity of the PCFIA Kinase 
assay to the standard C r- 32 F]ATP based Kinase assay 
(filter-type assay), PCFIA conditions are modxfxed to 

1S ^ conditions of the radioassay. First, buffer A is 
replaced with a buffer used in the [ »»] Phosphate 
Corporation filter assay (buffer c, , with the exception 
that clycerol is omitted since it clogs the 0.2 fm filter 
SmbrLTin the filtration plate. Furthermore .< the ATP 

2 0 concentration is altered to 50 * final. Otherwise, 
assays are performed as the standard PCFIA Kinase assay. 

EXAMPLE 3 

u 32 r1 pTO ^ntaj n-Ty^'" 8 Finnsft assays 
, s Radioactive U -32p]ATP-based - Kinase- assays are 

performed as described in Sanghera et .1., i> , B i ol, ^ 
Ls- 52-57, 1990, with minor modifications to facxlxtate 
prison with the PCFIA Kinase assay. Under standard 
conditions, assays are performed in buffer C at a fxnal 
30 volume of 25 Ml. Serial dilutions of purxfxed 

„•„„„«- o56 lck are transferred into microfuge tubes 
recombxnant, p56 , are " ortra 
to give the same final concentrations as used xn the PCFIA 
Kinase assays. To perform the assay, 15 pi of 1.65 mg/-l 
HBP (370 W /ml final, is added in microfuge tubes on xce 
35 with 5 Ml of p56** sample and 5 Ml of 250 MM ATP 
containing 1 M=i of [7-"P]ATP. The mixture is incubated 
for 15 min at 37-C. The assay is terminated by spotting 
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20 /xl aliquots of the reaction mixture onto 1.5 cm^ pieces 
of Whatman P81 phosphocellulose paper. Substrate is 
allowed to absorb onto filters for 30 seconds, and non- 
incorporated radioactivity is removed by ten washes in 1% 
5 phosphoric acid over 2 hours. The wet filters are 
transferred into 6 ml plastic scintillation vials 
containing 2 ml of Ecolume scintillation fluid, and 
radioactivity is measured in a Packard scintillation 
counter . 

10 In modified versions of this assay, different 

concentrations of MBP and specific activities of [7- 
32 P]ATP were used as indicated herein. 

EXAMPLE 4 

15 Protein-Tvrosine Phosphatase Assay By PCFIA 

MBP-coated particles are phosphorylated in vitro 
by mixing 10 ml of MBP-coated particles at 25 /xg MBP/ml, 
0.125% w/v beads in buffer A, 0.5 fiH ATP, 10 /iM MnCl 2 , and 
approximately 70 ng of purified recombinant p56 lclc . The 

20 mixture is incubated at 37 °C for 3 0 minutes and 
centrifuged at 6,000 g for 10 minutes, and the supernatant 
is aspirated. The pellet is washed twice in 15 ml of 
buffer D to remove residual p56 lc3c and is finally 
resuspended in 10 ml of buffer D (0.125% beads) . 

25 Potato acid phosphatase (PAP) is diluted in 

buffer D to 10 U/ml (5U/ml final in assay) and serially 
diluted in one in two-fold in a 96-well plate. 20 (il of 
PAP sample are transferred to the filtration plate wells 
containing 20 /xl of phosphorylated MBP particles and 

30 incubated at 37 °C for 15 min. The assay is then completed 
as described for the PCFIA kinase assay after incubation 
with kinase. Alkaline phosphatase (AP) assays are 

performed similarly, AP is diluted to 10 U/ml (5 U/ml 
final) and serially diluted in buffer E, and the assay is 

35 continued as above for PAP* 



EXAMPLE 5 
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Sodium orthovanadate or sodium molybdate are 
diluted to 40 m (20 IM final in assay) in buffer D 
Staining 2 XT/ml PAP. Inhibitor is 

three-fold in buffer D with 2 U/ml PAP xn each well of a 
^Iwell Plate. 20 .1 of titrated inhibxtors are 
transferred to filtration plate wells containing 20 ,1 of 
p56 lck -phosphorylated MBP-coated particles followed by a 

, »+- nor The plate is further 

15 minute incubatxon at 37 C. Tne pxa t 

processed as described in the PCFIA kinase method, and the 
fluorescence in each well is measured. 

EXAMPLE 6 
p ^- Q -i ^ -Tyros j r.a Kinase Assay 
orvTi and w.< +fr MRP as a Substrate 
Antiphosphotyrosine antibodies are widely used 
in the study of protein-tyros ine phosphorylation events, 
in the instant example, it is examined whether these 
antibodies can be exploited for the measurement of 
protein-tyrosine kinase or phosphatase actxvxty 
Phosphorylation or dephosphorylation of tyrosxne on 
immobilized substrates is measured by an xmmunologxcal 
technique using the particle concentration ^™ ence 
immunoassay (PCFIA). The enzyme sample is directly added 
into wells of the filtration plate and substrate (x.e., 
microsphere beads coupled with suitable protein or peptide 
substrate). Optimal concentrations of ATP (0.5 W) and 
MnCl, (10 MM) are then added. concentratxons of ATP 
ranging from 25 /*M to 2.5 fM are found to give satisfactory 
30 results. Enzyme is removed from the substrate • by an 
automatically performed filtration step, and the amount of 
phosphotyrosine residues per well are then measured using 
anti-phosphotyrosine mab and a f luoresceinated second 

antibody. 
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EXAMPLE 7 
Sensitivity of the Assay 
To assess the sensitivity of the assay, serial 
dilutions of partially purified preparations of the 
5 protein protein-tyrosine kinase p56 lc,c from LSTRA cells 
are tested in a kinase assay using PCFIA, and the results 
are compared to results obtained in the standard filter- 
based assay that uses [ 3 2 P] -phosphate incorporation. 
Figure 1 illustrates the dose response curves of p56 lcIc 
10 kinase activity obtained by the two methods, each 
performed under optimal conditions. The dose response 
curve obtained in the standard filter-type assay is 
linear, whereas the dose response of the PCFIA is non- 
linear. The non-linearity of the PCFIA dose response 
15 curve reflects the complexity of this phosphotyrosine 
detection system. 

It is postulated that the non-linearity of the 
dose response of the PCFIA is due to the nature of the 
detection system that employs polyclonal f luoresceinated 

2 0 and anti-mouse antibodies that bind to the monoclonal 

anti-phosphotyrosine antibody and to the potential 
quenching of the fluorescent signal that increases with 
increasing fluorescence present in the well. Because of 
this non-linear dose response, unknown samples such as 
25 column fractions from biochemical~purif icat ions - should" be 
tested at several (two or three) different dilutions. 
This will help to better estimate the relative amounts of 
kinase present in the different peaks. 

Using identical samples, the sensitivity of the 

3 0 PCFIA method is approximately 100-fold greater than the 

sensitivity of the standard filter-type radioassay. The 
PCFIA is performed using the conditions optimal for the. 
filter-type assay and vice versa. There is about a 50% 
reduced signal, but a similar titration endpoint when the 
35 PCFIA is performed with the conditions used for the 
isotopic assay. No signal is seen in the optimized 
filter-type assay using PCFIA conditions (Figure la) . Two 
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commercially available anti-phosphotyrosine antibodies 
PY20 and 4G10, resulted in very similar signals jn the 
« ihv whereas a third MAb, 1G2, is 
assay (Figure lb) , wnereas 

ineffective. 

5 

EXAMPLE 8 
gSgtelazagSgiag yir>ase Assay 
a §yj T£hefeis g"bstrate 
Microsphere beads coupled with a poly glutamic 
io acid-tyrosine random copolymer (ratio 4:1) as substrate 
10 acxd tyrosx assays . Although the test 

were also used m some pat> * ^ w . 

Priced veil, the signal was about two to three-fold 
worked. well, * _ 56 lck peptide coupled via 

reduced in comparison with the p56 pepci * t „ t „ 

th. H-terminus, thus indicating that general substrates 
15 can also be used with this method. 

PCFIA is also established with a synthetic 
peptide as substrate for the detection of pS6**. The 
derate peptide corresponds to the ^phosphorylation 
site of pS6 lclc . Preliminary PCFIA experiments with a IS 
20 ^no-acid-residu. peptide gives poor signals. A peptide 
is therefore specially designed for the ^ 
..-terminal lysine residues allowing high efficiency 
LupCng to microsphere particles. This is followed by 
two glycine residues that serve as spacers. The next li 
25 Znl acids corresponded to the p.."* autophosphorylation 
site, followed by two glycine residues and a repeat of the 
p5s 1ck autoph osphorylation site. This peptide coupled 
via the H-terminal lysine residues with carborylat^d 
microsphere particles, yields identical signals to the 
30 ^coated Lds, whereas amino-activated -i-sph-r. 
beads coupled with the peptide via the C-terminus has a 
• 70* reduced signal (Figure 2). This illustrates that 
peptides can be used successfully in this type of assay 
Ld opens the way for use of specific peptide sequences 
3S that are recognized by individual kinases or phosphatases 
The fact that the orientation in which the peptide is 
coupled to microsphere particles affected the signal 
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indicates that the assays will have to be assessed and 
optimized for each individual peptide substrate. 

EXAMPLE 9 

5 p 56 lc k p r otein-Tvrosine Kinase Activity 

Detection in Column Fractions Fol loving 

Ion Exchange Chromatography 
Protein-tyrosine kinase activity is detected in 
column fractions obtained after standard ion exchange 

10 chromatography using PCFIA or the standard isotope filter 
assay. Extracts of 10 9 LSTRA cells or 10 8 YAC cell 
membranes are applied to DEAE-cellulose ion exchange 
columns and proteins eluted by an increasing salt 
gradient. Figure 3a shows the protein-tyros ine kinase 

15 activity profile obtained with 1:5 dilutions as column 
fractions of LSTRA cell extract measured by the standard 
filter type assay using the synthetic p56 lck peptide 
containing the site of autophosphorylation as substrate. 
Figure 3b shows the kinase profile obtained by testing a 

20 1:150 dilution of the above fractions using the PCFIA and 
the synthetic p56 lc3c autophosphorylation peptide. The 
profiles obtained by both methods match very well. 
Fractions of the YAC cell extract separated by the above 
chromatographic method are also tested by both kinase 

25 assays. Whereas an identical kinase elution profile was 
obtained with PCFIA method (Figure 3c), no [ 32 P]- 
incorporation could be detected with the standard filter 
type assay. 

Application of the PCFIA technique in the 
3 0 analysis of cell extracts separated by ion exchange 
chromatography demonstrates that PCFIA compared favorably 
with the filter-type assay (Figure 3) with respect to 
sensitivity and selection. LSTRA cells overexpress p56 lcJc 
kinase activity , and the presence of this enzyme is easily 
35 detected in the column fractions by PCFIA or the filter 
assay using synthetic peptide as substrate. Protein- 
tyrosine kinase activity in column fractions obtained from 
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y A C cells that do not have elevated p,.** levels could 
n or he detected with tee filter assay hut «as easily 
electable with PCFIA (Fi^e 3c,. The increased 

sensitivity of this assay Bight therefore greatly 
5 facilitates the detection and analysis of novel kinases. 

EXAMPLE 10 
^e^-Tyrnsine phosphatase Assay 
MBP-coated particles phosphotyrosine 

, * v«, «?6 lck kinase are used as substrates for 

of phosphatases are incubated with phosphotyrosine MBP 
ceads and residual phosphotyrosine residues measured by 
PCFIA. Potato acid phosphatase at 5 U/ml cataly.es the 

1S complete removal of phosphate from phosphotyrosine 
residues, whereas alkaline phosphatase is not able to 
Lave phosphatase residues from this substrate (Figure 
4a) The non-specific phosphatase inhibitors molybdate 
and vanadate are then tested in the PCFIA Phosphatase 

20 assay by incubating serial dilutions of each of the two 
Inhibitors with a constant amount of potato acid 
phosphatase and phosphotyrosine MBP • 
inhibitors completely inhibit the phosphatase at 20 m 
concentration and have a similar dose response down to 

25 0.2 UM (Figure 4b). 

25 m ^ pcFia technique used for the detection of 

kinases was easily adapted to the measurements of 
phosphatases as shown with the example of phosphorylated 
Lp used as a substrate and potato acid phosphatase an 

30 enzyme that is well known to have a very broad 
specificity. No activity for alkaline phosphatase an 
enzyme with more restricted specificity than PAP, could be 
detected under the conditions used (Figure 4a, . Molybdate 
and vanadate, both inhibitors of phosphatases, were able 

3S to block the activity of potato acid phosphatase with 
similar dose response curves (Figure 3b, . The use of the 
PCFIA for the screening of potential inhibitors or 
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activators of kinases and phosphatases might well be one 
of the biggest assets of this method. Since ten plates 
(960 sample wells) can be screened per machine run in 
approximately 4 hours, the rapid screening of large 
5 n umb ers of substances that might specifically interact 
with these enzymes can be performed. 

From the foregoing description, one skilled in 
the art can easily ascertain the essential characteristics 
of this invention, and without departing from the spirit 
10 and scope thereof, can make various changes and 
modifications of the invention to adapt it to various 
usages and conditions. Such modifications and variations 
are intended to come within the scope of the appended 
claims. 

15 
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(v) FRAGMENT TYPE: N-terminal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Lys Lys Gly Gly Arg Leu He Glu Asp Glu Tyr Thr Ala Arg Gin Gly 
15 10 15 

Gly Lys Arg Leu lie Glu Asp Glu Tyr Thr Ala Arg Gin 
20 25 
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claims 



!. a method for detecting a phosphotyrosine 
residue, compris^: ^ res±due with an anti- 

! antibody which binds to the phosphotyrosine 

particle concentration fluorescence immunoassay. 

2 a method for measuring the activity of a 

— — =srr "r^rr.-rr^. .... 

substrate containing a tyrosine residues; 

_ n r s= e r ----- - 

reSidUe '' contacting the sample with an anti-phosphotyrosine 
antibody which binds to the phosphotyrosin. residue, and 

detecting the anti-phosphotyrosme anybody by 
particle concentration fluorescence immunoassay. 

3 i method for measuring the activity of a 
.rotein-tyrosine phosphatase within a sample, comprising: 
^ Mobilizing a substrate on a solid support, said 

— ■ sr*==^"S r is 

the Cosine ^e oft. -=£ 

to form a r^trruie *«. an 

w„h binds to the phosphotyrosine residue, said 
^ptospXosrUibody labelled directly or indiretly 
with a fluorescent marker; and 
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detecting the anti-phosphotyrosine antibody by 
particle concentration fluorescence immunoassay • 

4. A method for screening a substrate for a 
protein-tyrosine kinase, comprising: 

immobilizing the substrate on a solid support; 
exposing the substrate to the protein-tyrosine 

kinase ; 

contacting the substrate with an anti- 
phosphotyrosine antibody, said anti-phosphotyrosine antibody 
labelled directly or indirectly with a fluorescent marker; and 

detecting the ant i -phosphotyrosine antibody by 
particle concentration fluorescence immunoassay. 

5. A method for screening a substrate for a 
protein-tyrosine phosphatase, comprising: 

immobilizing the substrate on a solid support; 
exposing the substrate to the protein-tyrosine 
phosphatase ; 

contacting the substrate with an anti- 
phosphotyrosine antibody , said anti-phosphotyrosine antibody 
labelled directly or indirectly with a fluorescent marker; and 

detecting the anti-phosphotyrosine antibody by 
particle concentration fluorescence immunoassay. 

6. A method for screening an agent for its ability 
to modulate the activity of a protein-tyrosine phosphatase or 
its ability to modulate the specificity of a substrate to the 
protein-tyrosine phosphatase, comprising: 

immobilizing the substrate on a solid support, said 
substrate containing a phosphotyrosine residue; 

exposing the substrate to the . protein-tyrosine 
phosphatase in the presence of the agent; 

contacting the substrate with an anti- 
phosphotyrosine antibody, said anti-phosphotyrosine antibody 
labelled directly or indirectly with a fluorescent marker; and 
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meeting the anti-phosphotyrosine antibody by 
particle concentration fluorescence immunoassay. 

7 A method for screening an agent for its ability 
„ ! the activity of a protein-tyros ine Kinase or its 
t rLat the specificity - a suhstrate to the 

kinase in the presence of the agent; 

contacting the substrate wxth an ant 
^« antibody said anti-phosphotyrosine antibody 

detecting the anti-phosphotyrosme anybody hy 
particle concentration fluorescence immunoassay. 

8 The method of any one of claims 1-7 wherein the 
anti-phosphotyrosine -^J- J~ - * 

contact with a f luorescently labeiiea 
the antiphosphotyrosine antibody. 
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